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The paper discusses a medium scale man-machine 
information system developed at the Indian Institute of 
Petroleum (IIP), Dehradun, around a simple sorter and 
punched cards, and the recent improvement effected in 
the system by redesigning the storage and retrieval 
software. A controlled experiment to assess the effi-
ciency of the system vis-a-vis the efficiency of the 
earlier system wherein the Keyword-role (AICHE) combi-
nation was used for indexing references, is described. The 
advantages of prefiling of indexed cards under convenient 
class heads for cutting the searching time, P. practice 
adopted by other organisations with similar sorter-
oriented systems abroad, are discussed. The superiority of 
the improved system over the earlier one in terms of 
storage as well as retrieval efficiency is established. A 
statistical binomial model is discussed to compare system 
efficiencies to corroborate the results. 
0 INTRODUCTION 
“In designing a mechanical aid to literature searching, 
we should take the view expressed by the eminent chemist, Lord 
Todd: 'We must surely make the maximum use of computers and 
associated automation, but if we carry it to 
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the point where the scientist no longer brownes in the 
literature without first of all formulating questions, 
then I believe we shall do harm to science' ". 
The observation mentioned above has been made by 
R N Oddy while describing an information system through 
man-machine dialogue. There is considerable literature 
available on computer-oriented data bases in the various 
disciplines and technologies and on the associated soft-
ware for retrieval of information. There has also been, 
at the same.time, much writing about the doubtful econo-
mics of switch-over to full-fledged automotion the com-
puter way. It is generally agreed that, for a computer-
based information service to be economical, factors such 
as the size of the laboratory and its constituent user 
units, their geographical distribution, the volume of re-
sources to be scanned, the size of ilientele to be served, 
the strength of man-power needed to prepare the input, 
the frequency of requests for search for specific infor-
mation, the structure of centralised processing, the 
facilities for communication by remote terminals, the 
demand for computer-aided output documentation according 
to specified format, and the installation and maintenance 
infrastructure, are relevant for working out the cost-
benefit of the system. Here again, no specific evalua-
tion report is readily available that can serve as a good 
model of computerised in-house information system vis-a-
vis man-machine systems of lesser degree of automotion. 
There can be financial, situational or man-power cons-
traints in the way. It is against this background, 
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therefore, that the ingenuity of systems analysis for 
optimisation of efficiency of the system as a whole-
assumes importance. Any organisation committed to deve-
loping and maintaining a data bank in the areas of its 
declared objectives has to consider a number of alter-
native information system and has to develop realistic 
models for evaluating storage and retrieval efficiencies 
of these systems before settling for one that meets its 
needs best. The concept of 'appropriate technology' is 
no more appropriate in any other area of technological 
progress than in the area of information processing. 
1 DISCUSSION OF SORIER-BASED SYSTEMS AS ALTERNATIVE TO 
A COMPUTER SYSTEM 
It is well to remember that computer processing of 
information is a sequel to the demand for quick and effi-
cient Information service, coupled with a refineuent of 
the software logic. Classification systems were designed 
to serve particular kinds of user population, and keeping 
in mind the subject ramifications and their inter-disci-
plines; and they were kept sharpened and updated as the 
subject dimensions and speed of service warranted them. 
Thesauri were produced, indexing services were diversi-
fied so as to be co-extensive with development in science 
and technology; and during the sixties and seventies, 
computers have been employed in an increasing measure to 
store and search literature from machine-readable records 
at incredible speed. Nevertheless, there is the basic 
question: the computer, after all, uses a software logic 
and language that is already built into it, and performs 
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incredibly fast the logical and computational tasks accor-
ding; to a programme which uses that logic and language. 
Is there, then, scope for designing man-machine systems 
that are responsive to such software, and that can auto-
mate retrieval and duplication functions, though at far 
less speeds than a computer ? If so, can efficiencies of 
the systems be compared for constant improvement ? 
Literature reveals many interesting experiments of 
such systems. The most impressive among the non-computer 
information systems are the improved versions of Houerith 
machines that have incorporated in them varying degrees 
of sophistication for Information search aiming at speed 
and access. Examples are: 
(a) Both the Dow Chemical Co and Sloan-Kettering 
Institute for Cancer Research have used the chemical 
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name punched and printed on the punched card. The use 
of a specific notation such as the Dyson or Wiswesser 
also allows mechanical reproduction of structural infor-
mation. Further, 50,000 compounds have been coded on 
IBM cards by Wiswesser notation using the 'free field' 
of the card. 
(b) Dow Chemical Co and Parke-Davis use direct 
coding to represent chemical structure on IBM cards and 
employ the simple sorter for structural searches.'' If 
the number of index items is sufficiently limited, direct 
coding may be used for punching for recording infor-
mation. 
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(c) At the instance of Kuentzel, infra-red spectral 
maxima were punched on IBM cards along with a code for 
the structure of the compound taken from ASTM. 
(d) The US Patent Office offers for sale IBM cards 
carrying Information on the structure of steroid compounds 
described in US patents punched by a code devised by the 
US Patent Office,3 
(e) The Ethyl Corporation has a Remington-Rand ins-
tallation for indexing the properties of fuel and lubri-
cant additives.3 Both chemical structure and additive 
properties are coded on a single card. The cards con-
taining the bibliographic details have been prefiled 
under major categories for convenience of searching for 
details within them to save searching time and labour. 
A selective sorter has been used which can do sorting 
in twelve adjacent columns simultaneously. Company re-
ports and patents are coded and searched this way. 
(f) Several pharmaceutical companies such as Merck, 
Sharp and Dbhme, Smith kline & French, and Sobering Cor-
poration, have applied the IBM 101 electronic statisti-
cal machine to literature searching. The number of 
columns which may be searched simultaneously depends upon 
the number of punches appearing in a single column, but 
as many as 60 columns may be examined at one pass of the 
cards. The 101 machine is a versatile one which cuts 
down the searching time as compared with a simple sorter. 
A similar machine called ILAS was developed for searching 
coded steroid structure in the US Patent Office. 
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"From the examples cited above, what emerges clear 
is the fact that, for in-house R&D, a convenient range of 
gadgets exists at varying levels of sophistication to take 
care of information requirements using a versatile sorter. 
It needs to he appreciated that a medium-sized research 
centre within specified hounds of its exploratory and 
developmental research programme can find in sorter-
oriented systems a capability for man-machine inter-
action to build up a data bank of its R&D output and the 
back-up literature to pursue the R&D goals at any desi-
rable depth, without necessarily having to" go the whole-
hog computer way which can be expensive, and which can 
be justified only by a large input of information to bo 
processed, and a constant demand by the clients who should 
be willing to pay for such services. 
2 ADVANTAGES OF 'PREFILING' IN A SORTER-ORIENTED INFOR-
-MATION SYSTEM 
Another aspect worthy of attention is the fact that, 
as the store of document references and information filer, 
increases, the IBM cards carrying the information units 
can be suitably prefiled in some suitable manner, so that 
only such decks of cards need to be lifted from the store 
that are most likely to contain the information needed by 
the research worker. Also, it would add considerably to 
the economy and efficiency of information retrieval if 
the 'Fixed field' punching and searching feasibility is 
exploited to the maximum on the punched card to ensure 
rapid search and secure a high degree of recall and re-
levance of the retrieved set against a search instituted. 
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Probably here lies the toughest challange to the systems 
analyst who has to take an integrated view of the in-
herent subject complexities and the areas of R&D in which 
his clients are working; 'and has, accordingly to design 
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his information services. Peakes described the deve-
lopment which the Bakelite file underwent over a period 
of 10 years. By the use of multiple files, some 50,000 
indexed items have been handled with a relatively simple 
machine installation, and searches are carried out on the 
simple sorter. 
3 SORTER-BASED INFORMATION SYSTEM AT THE INDIAN INSTITUTE 
OF PETROLEUM: A BRIEF OVERVIEW 
A sonter-based information system has been establi-
shed in the Indian Institute of Petroleum, Dehradun, 
India, around 1956. A controlled vocabulary of keywords 
based on prior stratification of the whole area into 
twenty categories has been developed in the field of petro-
leum processing, hydrocarbon analysis, product development, 
petrochemicals, conversion processes, application and eva-
luation of products in internal combustion engines, com-
bustion, lubrication, and operations research, References 
to published literature and in-house research reports 
were stored on punched cards and indexed by keywords using 
the above-mentioned controlled vocabulary. The soft-
ware mechanism used for the information transfer on to 
punched cards employs the 10-role system of A1ChE. The 
punched card Is divided into 10 zones, one zone for each 
of the 10 roles of A1ChE, and the keywords are punched 
7 
Garudadwajan 
in these zones so as to reflect their semantic and synt-
actic context in a document (Fig 1). Zones 11 and 12 
have additionally been provided to specify 'Space' and 
'Time' categories. All keywords are numerically coded 
(as a b c d e f), with a maximum of 5 nested sub-divi-
sions, on the basis of prior categorisation of the total 
area and subsequent detailed land survey. 
Each main number and its component in the nested 
number complex is converted into the binary equivalent 
and is linearised one below another in any zone corres-
ponding to the role played by the keyword in the document. 
Very often it happens that the same keyword may be assig-
ned two or more roles in the context of the same docu-
ment, depending upon the way the information is looked at 
while storing, or structured while querying the infor-
mation desk for retrieval. 'The back of the card carries 
a brief abstract. Following are typical examples; 
Example 1: 
Effect of the type of ionising radiations on the 
radiation - induced changes in petroleum oils. A D 
Stukin, et al Chem and Tech of fuels and oils. Jan-Feb 
1969, p 63. 
Keywords and their combinatorial roles (indicated 
within parentheses). 
(a) Study (8); [of] Properties (9); [of] Mineral Oils (9); 
(b) Properties (8);[of] liineral oils (9) 
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(c) [Effect of] Radiation (b); [Upon] Properties (7); 
[of] Mineral oils (9) 
(d) Study (8); [of] Radiation (9); [of ] Mineral oils 
(9); 
(e) Radiation (8) ; [of ] Mineral oils (9); [and] Study 
(8); [of their] Properties (9); 
(f) [Effect of] Radiation (6); [on] Mineral oils (7). 
Thus there are not less than 6 ways (a-f as above) in 
which the keywords can be associated with one another, 
depending upon the point of view of the indexer while 
storing or the manner of grouping of keywords while for-
mulating the query for retrieval.' Thus, the role attach-
ments to individual keywords in this case are: 
Study (8); Properties (7), (8), (9); Mineral oils (9,7); 
-three roles- -two roles-
Radiation (6), (8), (9) 
-three roles-
Example 2: 
Conversion of butene-1 and isobutylenc during the 
hydrogenation of the C4 cracking fraction on. the palla-
dium catalyst. V G Shuraarshu and A Z Dorogochinshii 
Chem and Technology of fuels and oils, 1969, 7(8), 565. 
Garudadwajan 
51 Keywords and their combinatorial roles 
(a, Hydrogenation (8); [of] C4 fraction (9); [using] 
Palladium catalyst (4); 
(b) [Effect of] Temperature (6); Hydrogen (6); [and] 
Gas flow rate (6); [ upon ] Hydrogenation (7); [of] 
Isobutylene (9); [for the] production (9); [of] 
Isobutane (2); -
vc) Production (8); [of] Isobutane. (2); [from] Iso-
butylene (1); [by] Hydrogenation (10); [Using] 
palladium catalyst (4). 
The role attachments to individual keywords in this case 
are; 
Hydrogenation (7,8,10); C4 fractions (9); Pd catalyst (4); 
-three roles-
Butene/Butylene (1,9); Temperature (6); Hydrogen (6); Gas 
-two roles-
flow rate (6); production (8,9); Isobutylene (1,9); 
-two roles- -twc roles-
Isobutane (2). 
In the examples given above, we find that the same 
keyword has multiple roles, end hence has to be punched 
repetitively in as many zones as the roles. Again, we 
also find that multiple keywords nave the same role, 
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(Example 2, Temperature-6, Hydrogen-6, Gas flow rate-6), 
and these are punched in the same zone by superimposition. 
in this way, nearly 10,000 references from published 
sources of hydrocarbon processing relevant to the R&D pro-
jects of the Institute have been stored on punched cards 
and indexed, employing the role zones and binary conver-
sion. The advantages of this sort of man-machine system 
arc: (1) Availability of multiple channels of indexing 
the same information; (ii) Minimisation of noise; and 
(iii) realisation of high relc-vance answering precisely 
to the query formulated by the requester (See Fig 3 for 
indexing a typical example). 
4 A MODIFIED INFORMATION SYSTEM RECENTLY WORKED OUT ON 
THE SAME SORTER-BASED MEDIUM: A BRIEF OVERVIEW 
In recenx months, the information system was reviewed 
to see if any improvements could be made. Our earlier 
indexing experience over the 10,000 references gave an 
interesting and valuable feedback. Even assuming that 
no pertinent keyword was omitted, it was our experience 
that no two indexers either exhausted all conceivable 
routes to the same item of information, or unanimously 
agreed to assign a particular role number even remotely 
played by a keyword. This situation failed to improve 
in spite of sustained indexing practice and anticipation 
of likely routes of approach to the same information from 
the users' point of view as far as could be envisaged by 
the indexer. The net result of this situation has been 
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a number of 'misses' of relevant information at the time 
of retrieval. Following procedure was, therefore adopted 
(Fig 2). 
(i) To do away with role-zone assignment to keywords, 
and punch the code at one and only one place where it can 
be located uniquely. 
(ii) Instead of punching a b c d e f row by row, 
each below each, the punching is done in any assigned 
row side by side, each number in the sub-division being 
assigned to the adjacent punch zone. 
(iii) To divide the card field into two halves, right 
and left, the left, half to take care of categories 1-10, 
and the right for 11-20. 
(iv) To maintain, as before, the binary conversion 
for punching the code of each keyword. 
The advantages of this procedure are easy to see. 
By the earlier design where a keyword could occupy any 
zone depending upon the role, a keyword theoretically 
can occupy a maximum of 10 role zones (excluding roles 
11 and 12, rarely used, for 'space' and 'Time' ). This 
means, the keyword is dispersed in the "free field" and 
the probability of its being located in a particular zone 
is 0,1 theoretically. This situation of dispersed loca-
tion of a keyword has been improved in the revised design 
by fixing the location of a keyword in the 'fixed field' 
irrespective of the role played by it. Since the number 
of categories into which the whole area to be covered 
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for documentation does not exceed 20, it has been possible 
to divide the card field into right and left halves, the 
left half to take care of categories 1 to 10, and the 
right 11 to 20 (Fig 2). The same examples are illus-
trated below which were discussed under the earlier design. 
Example 1: 
- Effect of the type of ionizing radiotions on the 
radiation-induced changes in petroleum oils. A D Stukin, 
et al Chem and Tech of fuels and oils, Jan-Feb 1969, p 63. 
Keywords: Radiation/radioactivity 1.1.15; 
Characteristics/Properties 1.2; 
Hydrocarbons 12,2; 
Naphthenes 12.2.40; 
Paraffins 12.2.16; 
Radioisotopes 12.3-88 
The first number in the code for a keyword is the 
leading category number, and that determines the row in 
which the whole code is to be punched. Thus, the pun-
ching approach here is deterministic, unlike the earlier 
system where a keyword is dispersed all over. In the 
above example, the two keywords viz, Radiation 1.1.15, 
and characteristics 1.2 have 1 in the leading category, 
and so these are punched in the same row 1. In other 
words, the code 1.1.15 and 1=2 are superimposed in the 
same row. Since the number of categories in the left 
half of the card is 10, the loading numbers are punched 
in direct code, while the subsequent sub-divisions are 
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binarily converted. Thus, of 1.1.15, the first number 1 
if punched against row 1 under column 1, which constitutes 
zone 1. The second sub-divisional number 1, is binary-
converted, and is punched in zone 2, the next number 15, 
is binary-converted and is punched in zone 3. The next 
number code 1.2, against the keyword, characteristics, is 
punched as before, 1 in zone 1, direct code, and 2 in 
zone 2, binary-converted. In the same way, the number 
codes 12.2,12.2.40,12.2.16 and 12.3.88 all have 12 as the 
leading number, and these are punched in the right half 
(Field II) of the card against row number 2, and in the 
zones 2 and 3 of the field II. Super-imposition is also 
resorted to in this case since all these numbers have the 
same leading category number, 12. 
hen punched; the reference in the example 1, coded 
according to the earlier and the modified versions, 
appears as given below (Fig 3 and Fig 3'). 
5 AN IK-HOUSE EXPERIMENT TO COMPARE STORAGE AND RETRIEVAL 
EFFICIENCIES AND TO GENERATE THE RELEVANT PARAMETERS OF 
COMPARISON: MODIFIED-VS-EARLIER PROCEDURE 
In order to obtain the parameters of indexing effi-
ciency while storing as well as retrieving against a spe-
cific query, a small -experiment was undertaken. A ran-
dom sample of the same number (in this case 32).of refe-
rences was taken, and the references were indexed by the 
earlier as well as the modified procedure, using the 
same number of keywords. The criteria used for compa-
rison of indexing efficiencies are set out as follows: 
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Efficiency criteria for storage: 
Earlier Procedure Modified precedure 
(i) p(1) the average number p(2) , the average number 
of punches per reference, of punches per reference. 
(ii) Average number of punches, Average number of punches, 
q(1), per keyword. q(2), per keyword. 
Efficiency criteria for retrieval: 
Earlier procedure Modified Procedure 
(i) Average time, T(1), taken Average time T(2), taken 
for searching any speci- for searching any specified 
fied reference in terms reference in terms of the 
of the same set of key- same set of keywords. 
words. 
(ii) Average number of passes, Average number of passes, 
S(1), per reference for S(2) per reference for 
retrieval. retrieval. 
51 Mechanics of data generation for the calculation of 
storage efficiency. 
Using this sample size of 32 references, as mentioned 
earlier, the keywords were coded and indexed, and punched 
according to procedure I and modified procedure II. A 
typical coding programme for the modified procedure is 
given in Fig A. For calculating the storage efficiency, 
the following Table (Table 1) is completed, giving, for 
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each reference, the number of punches needed for indexing 
the same keywords in either system, 
Table 1: Storage efficiency: Comparative picture of the 
number of punches required for indexing by either 
procedure by the same number of keywords for each 
reference. 
I tProcedure II 
£ Number of keywords I Number of punches | Number of pur 
8 used for indexing I by the earlier iches by thR 
Ref I each reference (Kr) { indexing procedure J modified in-
Number \ (Pr) \ dexing proce-
B 5 dure fp U.V 
__ 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 5 
16 
17 
16 
19 
20 
21 
22 
2 3 
2 4 
2 5 
26 
27 
2 6 
29 
30 
31 
32 
. . . 
- . 
2 
3 
2 
3 
1 
2 
6 
3 
3 
3 
3 
2 
5 
4 
5 
6 
6 
8 
11 
6 
6 
8 
• : 
7 
7 
7 
8 
5 
12 
8 
14 
10 
• 
16 
3 
7 
8 
9 
9 
12 
14 
16 
16 
17 
17 
19 
28 
2 8 
29 
29 
32 
33 
55 
36 
37 
38 
40 
41 
41 
46 
47 
48 
50 
50 
58 
59 
— - - — 
- - - • 
E 
1 
7 
3 
8 
*! ** 
1 i 
11 
• j 
10 
8 
14 
10 
13 
12 
20 
1c 
14 
17 
17 
21 
21 
19 
24 
2 7 
23 
17 
2 6 
16 
34 
31 
— -- -
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A typical example of cards indexed and punched by 
the either system is already given (Fig 3, We find, 
from the above table 1, that more indexing effort is 
expended while storing by the earlier procedure I, than 
by the modified procedure II. 
52 Generation of data for the calculation of retrieval 
efficiency 
Similarly, for evaluation retrieval efficiency, a 
random sample of 7 queries out of the above 32 references, 
has been taken, and formulated for retrieval by keywords. 
A typical example has been given of retrieval against a 
particular query by an earlier procedure I and the modi-
fied procedure II (Fig 5 and Fig 6). The time taken for 
retrieval, the number of passes of cards, and the size of 
the card deck for all these 7 queries are tabulated below 
Viable 2). 
TABLE 2; Retrieval efficiency by 
both the procedures: a 
comparative picture 
Procedure I 5 Procedure II 
Query 
No 
. 
1 
2 
3 
4 
5 
6 
7 
Card d< 
size 
Cr (1) 
, — 
1348 
1846 
1843 
627 
1947 
1805 
1840 
 
, . .. 
Time of 
retrieval 
(mts) T r ( l ) 
—-----------
21.5 
15 
12 
10 
26.5 
10 
13 
No of 
passes 
Sr(1) 
— 
9 
6 
4 
4 
7 
2 
4 
0 t 
Card deck 
I size 
Cr ( 2 ) 
.......— — . .... 
1848 
1846 
1845 
989 
1959 
1805 
1840 
iu
Time of 
retrieval 
(mits) T r ( 2 ) 
-----------------.... 
12.5 
12 
12 
8 
12 
10 
8.5 
No of 
passes 
c (2) 
•» — — — 
3 
3 
3 
2 
2 
1 
2 
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Typical example of use of retrieval coding sheet by 
Procedure I. 
Query: 
Do you have information "on the effect of radio-
isotopes on the properties of hydrocarbons ? 
Keyword formulcation and assignment of keyword codes. 
Radioisotopes (12.3-88); 
Properties (1.2); 
Hydrocarbons (12,2). 
Procedure I: Keyword-role association. 
* 
Radioisotopes -6; Properties -7,9; Hydrocarbons -7,9 
(See fig 5 for search format) 
Same example of retrieval by modified procedure II: Key-
word independent of roles. 
Keywords: Radioisotopes (12.3.88); Properties (1.2); 
Hydrocarbons (12.2). 
(See fig 6 for search format) 
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6 CALCULATION OF STORAGE AND RETRIEVAL EFFICIENCIES FROM 
TEE EXPERIMENTAL DATA USING THE CRITERIA SPELT-OUT IN 
SECTION 5 
61 Storage efficiencies by procedure I and procedure II 
If Pr(1) and Kr(1) are the number of punches and the 
number of keywords respectively; used to index a refe-
rence,r, by procedure I, then P(1), the (weighted) 
average number of punches per reference by procedure I, 
En p 11) K (1) 
is given by P(1) - where n is the 
En K (1) 
r 
(2) : 
number of references indexed. In the same way, P ' is 
defined for procedure II. 
Using the data of Table 2, 
p'1) = 36.98^ ; and P(2/ = 16.951 
We can also calculate the average number of punches re-
quired per keyword by either procedure. 
Let a ^ and q ^ be the number of punches per key-
word pertaining to a reference r, by procedure I and pro-
cedure II respectively. 
Then qrC" = !ri-_.^ . ^ q < 2> - ^ 
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= 5.24 
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procedure I is given by 
21 
In the same way, T(2), the (weighted) mean time of re-
trieval by procedure II, is given by 
The mean number of passes required to retrieve a refe-
rence by procedure I is given by 
This analysis shows that the modified procedure II 
is 1.62 times more efficient than the earlier indexing 
procedure I with respect to time of search; and that it 
is 2.29 times more efficient than the earlier procedure I 
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in respect of the number of passes required for retrieval. 
63 Some deductions from the analysis. 
Besides comparative efficiencies, there are some 
interesting inferences. From Table 2, the average number 
of Keywords per document used for indexing and storing 
the references is 6. By the more efficient nrocedure II, 
(2) 
T(2) has been computed as 11.228 minutes, which corres-
ponds to an average decksize of 1733 cards used for re-
trieval over the seven queries put randomly to the sys-
tem. By the rule of three, which is fairly applicable, 
the average time taken to retrieve a desired information 
by procedure II from a deck of 1000 cards indexed, on 
an average, by 6 keywords per reference, is roughly 6,5 
minutes. This means that, if we can accumulate refe-
rences. and suitably "profile1' them so that each such 
file contains not more than 5000 references, a search 
for desired information from the most likely "prefile" 
will not take more than 32.5 minutes, or slightly more 
than half-hour, coordinating 6 or less number of key-
words in just as many as 3 passes through the sorter. 
It may be significant to note that this time includes 
the time for jogging the cards for mailing smaller uni-
form decks to be placed on the hopper? time for prepa-
ration of the retrieval format, and the time for adjus-
ting the column and row positions before running the 
cards through each pass. This prefilirig step is in 
line with the system described by Peakes for organi-
sing the reference store of the Bakelitc Corporation 
for sizably cutting short the searching time using a 
single sorter. 
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7 DESCRIPTION OF A MATHEMATICAL MODEL TO DESCRIBE EFFI-
CIENCIES OF THE SYSTEM APPROACHES I & II FOR INDEXING 
REFERENCES 
In the above paragraphs, an experiment conducted to 
assess efficiencies of procedures I and II has been des-
cribed. A statistical probability model is described 
below to estimate probabilities of retrieval by procedure 
I and procedure II subject to certain constraints assumed. 
71 Procedure I 
It may be recalled that the card design for proce-
dure I assigns a keyword to a particular role zone, and 
that there are 10 roles, to any of which a keyword is 
assignable. We also see that, on an average, any key-
word is assignable simultaneously to two role zones 
(although we find, from our examples, that a keyword can 
at times, be accommodated in as many as three role 
zones). Now, a keyword is coded six deep as a b c d e f 
and all the numbers in the code are binary-converted 
and punched, each below each, to a depth of six in any 
zone, in a linear fasion (Fig 7 ) . 
Any zone has the dimensions of six rows and eight 
columns. But, an assessment of the standardised termi-
nology developed for indexing keywords brings to light 
the following interesting constraints within which the 
system operates: 
(i) The first number, a, does not exceed 20 (since 
there are 20 categories Into which the concepts occuring 
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in the area of petroleum refining can be classified, 
according to the system). Hence, in terms of binary 
conversion, the minimum number of columns required for 
representing a is 5 (since 
20 = 0 (2°) + 0 (21) + 1 (22) + 0 (23) + 1 (24) 
(Note: the convention observed for punching a number 
is, the first punch in a zone represents 2°; the second 
punch 21, the third 22, and so on. Thus 20 is represented, 
from left to right, as xx x ). 
(ii) The second number, b, does not exceed 63, which 
can be accommodated in a maximum of 6 columns in any*zone; 
and the number if punched binarily in the next now. 
(iii) The number c through f, in the succeeding rows 
do not exceed 127, which can be accommodated in a maxi- , 
mum of 7 columns each, and are punched linearly in the 
next 4 rows. 
(iv) The average probability of a keyword being 
coded in one or more role-zones is 1/10 x 2 = 0.2, as 
there are 10 role-zones and e keyword has 2 role-zones 
to which it can be assigned. 
The above four constraints characterise the- para-
meters of the earlier system I. Within these cons-
traints, let us consider the probability model of a key-
word being located by this system operating for retrieval. 
Here again, we take the simplest model in which one key-
word is used for the retrieval of a desired reference. 
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of course, a reference is more precisely located by the 
use of 2 or more keywords. But then it makes calcula-
tions much more tedious. Our object is to compare the 
efficiencies of the earlier and modified systems, and 
for this purpose we take a keyword as a 'unit of compa-
rison' and reduce the retrieval efficiencies of both the 
systems to this unit, in much the same way as we compute 
the "present worth" of a number of investments in vary-
ing time periods for decision-making while choosing one 
from out of a number of alternatives. 
From the earlier experiments illustrated here, we 
see that the average number of passes for retrieval 
needed to get a wanted reference is 5.29 and 2.31 by the 
earlier and modified procedure respectively. When 
rounded off to the nearest sufficient integer, these are 
6 and 3 respectively. We now assume a binomial model, 
and compare the probabilities of successes of retrieval 
by both the procedures. We further assume that, for 
retrieval, punch positions, randomly selected, one in 
each of the 6 rows, retrieve a wanted reference, and 
that there is one pass of the card deck corresponding to 
each punch position selected. This model, then, en-
visages a "hexagonal information matrix" , illustrated 
in fig 8. 
In any role zone, A B C D E F are random punch po-
sitions used for searching a particular information; and 
each of these vertices is in one row of the role zone. 
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With reference to fig 7 and fig 8. then, the proba-
bility, p1, of obtaining a 'success' corresponding to 
one possible configuration of the hexagon ABCD2F is gi 
by p = 1/5 x 1/6 x (1/7) , observing the constraints al-
ready spelled out in (i) to (iv) of the model. 
We now observe that if ABCDEF is the structure we 
are looking for, this is preserved in each of the succes-
sive passes through which the input deck goes until, at 
the final pass, the required bunch of the references ans-
wering to this particular configuration is secured- Since 
the procedure II secures a desired information in an 
average of 3 passes, as already mentioned, lex us now 
use the binomial model for calculatig the probability of 
securing this particular configuration by procedure I as 
well in exactly 3 out of a total of maximum of 6 passes. 
(Virtually, it is interesting to note a practical fact 
that not all the positions A to F are required to-be 
searched; very often the required bunch is secured much 
earlier I) 
As mentioned earlier, p = 1/5 x 1/6 x (1/7) 
The failure probability, q1 = 1 - p1 
Therefore, the probability of getting the format ABCDEF __ 
in a zone in 3 out of 6 passes is then given by -
6C3 Pl3 (1 - p ) 3 
But we -have already shown that, on an average, a 
particular keyword is assignable to two roles, so that 
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the probability of the zone in which it is identifiable is 
1/10 x 2 = 0.2. Thus the conditional probability of ob-
taining a success in a zone is computed as P1 x 0.2. Let 
this probability be designated as P1k 
The probability of obtaining success in 3 out of 6 
passes P(E1),is given by 6 C3(p1k)3 (1 - P1k) 
=
 6 X 5 X 4
 x 1/5X1/6X(1/7)4 X 1/57 x (1 - plk5 
3 x 2 
= 20 x (1/5)6x (1/6)3X (1/7)12x (1 - p 1 k ) 
Since p1k is small, (1 - P1k) - 1 
Thus the last equation reduces to 20X(1/5) x (1/6)3 X (1/7)12 
roximately. 
72 Procedure II 
As described already in the design features of the 
indexing procedure II, the uncertainty of location of a 
keyword presented in the earlier procedure I has been 
dispensed with by using the first number of the keyword 
code as the leading and row-identifying number, and 
linearising the successive number attachments against 
leading number row. A typical retrieval matrix is 
/-en in the fig 9 which secures linearisation in adja-
cent columns as fixed fields led by the first member of 
the number code. 
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In this model, we assume that a keyword is retrieved 
in terms of one punch position in each of the 6 fields a 
to f as given aboves in either half of the card. If p2k 
is the joint probability in each pass of retrieval of a 
keyword by the modified procedure, it is given, as before, 
by the formula p2/K p(K). Now p2/K is 1/6X(1/7) , and 
p(K) = 1/20 (for, there are 10 rows in each half of the 
card, and there are two halves. Hence, p(K) - 1/10x1/2=1/20). 
Hence p 2 R = 1/20x1/6x(1/7)4. 
As before, we assume that the model retrieves a 
wanted reference in 3 passes (in accordance with experi-
mental results). Assuming the binomial probability model, 
the probability of retrieving the reference in 3 out of 6 
passes is given by F(E~), which is 
6C3 (p2k)3 (1 - p 2 k ) 5 
This is 20 x (1/20)3 x (1/6)3 x (1/7)12 (1 - P 2 k ) 3 
This reduces, approximately, to 20(l/20)"'x (1/6) x (1/7) % 
since P2k is small and (1 - P 2 k) 3 = 1 
8 COMPARISON OF EFFICIENCY 
61 Application of the- binomial model for the comparison 
of efficiencies of the earlier and modified proce-
dure (I & II). 
The criterion used here of comparison of effici-
encies of the information systems is the comparison of 
retrieval efficiencies, and the measure employed is 
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P (E2) / P (&,). This is given by -
20 x (1/20)3 x (1/6)3 x (1/7)12 
20 x (1/5)6 x (1/6)3 x (V7) 1 2 
= (1/20 x 25)3 = (5/4)3 = 125/64 = 1,95 
Thus, the model predicts that the modified design 
is nearby twice as efficient as the earlier one. This 
is confirmed by the experimental results discussed ear-
lier, wherein T(1)/ T(2) =1.62 and S(1) /S(2) = 2.29 
82 The present model compared with the postulated con-
temporary retrieval models. 
Much literature has been available in recent times 
on the ways and means of improving the retrieval effec-
tiveness of relevant references. One way of doing this 
is by assigning weights to the individual terms entering 
into the matching operation (in terms of search terms 
compared with document descriptors). These weights have 
been calculated based on information about the frequency 
distribution of index terms within the collection8. The 
underlying model for the calculation of weights is a 
probabilistic one, based on the assumption that the in-
dex terms are distributed independently, by which a sim-
plistic weighting scheme is secured. A more realistic 
theoretical basis has been put forward by C J Van Rigs-
be-rgen for co-occurrence of keywords based on the sta-
tistical model of conditional distribution of pairs of 
keywords . 
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The model discussed in the present paper is a signi-
ficant variation from the sophisticated versions which 
have been used in computer-based information system. The 
fundamental assumption in the man-machine system des-
cribed here is that the keywords used to address a docu-
ment are equally important, with no assumptions about 
their mutual ranking. This may sound somewhat uncon-
vincing, but, within the limitations of the system, and 
considering that ultimately the human mediation is in-
dispensable in sieving out the relevant from the non-
relevant, and the inherent increased effectiveness de--
monstrated of the modified procedure over the earlier 
one, the present system around the punched cards and 
sorter does not suffer seriously from simplistic mecha-
nism of design explained by the binomial model. Further-
more, ranking of co-occurrences of keywords involves a 
certain amount of subjectivity, which is eliminated in 
the present system. In other words, the improvement 
here described over the earlier design, by way of re-
ducing the uncertainties of location of a keyword, and 
of increasing the overall effectiveness.in storing (in-
put preparation) labour and searching time, fortified 
by provisions of preiiling where required, qualifies 
the system design as an answer to the need for 'an appro-
priate technology' that can serve the information needs 
of a medium-sized, mission-oriented research and deve-
lopment organisation that is not poised for 3 costly 
bid to computerise its services in their totality. We 
can certainly take e critical look at the software as-
pects of information system design before thinking of 
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